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Use of a Modified All-Epiphyseal
Technique for Anterior Cruciate
Ligament Reconstruction in the
Skeletally Immature Patient
Andrew T. Pennock,*†‡ MD, Henry G. Chambers,†‡ MD, Robby D. Turk,‡ BA,
Kristina M. Parvanta,† ATC, OPA-C, M. Morgan Dennis,† BS, and Eric W. Edmonds,†‡ MD
Investigation performed at Rady Children’s Hospital, San Diego, California, USA
Background: Multiple surgical approaches have been described for the management of anterior cruciate ligament (ACL) tears in
skeletally immature patients.
Purpose: To provide a detailed description of a modified all-epiphyseal ACL reconstruction and report early outcomes and
complications with this new technique.
Study Design: Case series; Level of evidence, 4.
Methods: A retrospective review of all skeletally immature patients undergoing ACL reconstruction via a modified all-epiphyseal
technique prior to July 2015 was performed. Skeletally immature male patients with a bone age of 8 to 15 years and female patients
with a bone age of 8 to 12 years were selectively indicated for this procedure. The surgical technique involved an all-epiphyseal
femoral tunnel drilled parallel and distal to the physis as well as an all-epiphyseal tibial tunnel. Both tunnels were placed in the
anatomic footprint of the ACL. Tibial fixation was achieved first with a suspensory cortical fixation device followed by fixation on the
femur with an interference screw.
Results: During the study period, 30 patients with a mean bone age of 11.8 years underwent ACL reconstruction with this physeal-
sparing technique; 26 patients (87%) achieved a minimum follow-up of 2 years. At final follow-up, the mean Lysholm score, Single
Assessment Numeric Evaluation score, patient satisfaction, return-to-sport rate, and Tegner activity score were 93, 89, 9.2, 94%,
and 7.6, respectively. Four graft failures (15%) and 3 (12%) contralateral ACL tears were identified. One patient was noted to have a
12-mm leg-length discrepancy at final follow-up, which required no additional treatment. No other leg-length discrepancies or
angular deformities were identified.
Conclusion: The modified all-epiphyseal ACL reconstruction technique achieved good functional outcomes, a high rate of return
to sport, low failure rates, and low physeal injury rates at a mean follow-up of 3.2 years. Skeletally immature patients with an ACL
tear requiring reconstruction pose a unique challenge for sports medicine clinicians. While several previous approaches have been
described for this patient population, the proposed benefits of this new technique are that it is anatomic, it is physeal sparing, it
uses osseous tunnels, and it provides good initial graft fixation strength.
Keywords: skeletal immaturity; ACL tear; open growth plates; all-epiphyseal ACL reconstruction
Anterior cruciate ligament (ACL) reconstructions in the
skeletally immature population are being increasingly
performed in the United States.4 Four primary approaches
can be used in this patient population: an iliotibial band
extra-articular intra-articular reconstruction, a transphy-
seal reconstruction, an all-epiphyseal reconstruction, and
a hybrid approach using one of the aforementioned
techniques on the femur and a separate technique on the
tibia. The decision as to which approach to use remains
controversial and is largely based on multiple factors such
as patient age, height, and Tanner stage as well as the
surgeon’s training and experience. To date, there are no
head-to-head comparison studies to help guide treatment
decisions.
An iliotibial band extra-articular intra-articular recon-
struction is a modification of the previous MacIntosh pro-
cedure and has recently been popularized by Kocher
et al.9 Several studies have shown that this reconstruc-
tion provides good functional outcomes, with low rates of
complication.9,19 The primary advantage of this technique
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is that it does not require drilling osseous tunnels in
either the distal femur or proximal tibia and can therefore
be used in skeletally immature patients of all ages and all
sizes. The primary drawback of this technique is that it is
nonanatomic, and biomechanical studies have demon-
strated that it may lead to overconstraint of the knee.8
At our institution, this technique is typically the preferred
surgical option in patients with a bone age of less than 8
years.
A transphyseal approach has been advocated by several
groups as a less challenging and technically demanding
reconstruction that can be used in pediatric and adolescent
patients.7,8 This technique uses osseous tunnels and a soft
tissue graft that are placed across the physis (often in a
more vertical fashion) to enable future growth of the distal
femur and proximal tibia.10,15 The primary advantage of
this approach is that it is similar to techniques currently
used for reconstructions in skeletally mature patients—
techniques with which most orthopaedic surgeons are com-
fortable and familiar. The major drawback with this tech-
nique is that the transphyseal tunnels result in an
iatrogenic injury to the physis that may result in an angu-
lar deformity or leg-length discrepancy if a substantial por-
tion of the cross-sectional area of the physis is affected.21 At
our institution, this approach is used in patients who are
approaching skeletal maturity, typically male patients with
a bone age of greater than 15 years or females with a bone
age of greater than 12 years.
Multiple variations of the all-epiphyseal ACL recon-
struction have been described over the past 15 years, all
with reported good outcomes.1,2,18 The main advantage of
this strategy over the other strategies is that it does not
place any fixation across the physis, theoretically reducing
the risk of physeal disruption. The primary disadvantage
is that the reported techniques are technically demanding.
At our institution, we typically use a modification of this
reported strategy for male patients with a bone age
between 8 and 15 years and female patients with a bone
age between 8 and 12 years. Our modification reverses the
fixation proposed by Anderson1 by using suspensory fixa-
tion on the tibia and interference screw fixation on the
femur. We believe that this modification has several
advantages: no fixation or sutures cross the physis; the
graft can traverse the entire length of the femoral and
tibial tunnel, providing maximal surface area for
ingrowth; and fixation is achieved with a suspensory but-
ton and interference screw, which may be superior to post-
fixation or suture fixation to the periosteum. The purpose
of the current study was to provide a detailed description
of our modified surgical technique and report the early
outcomes since we began using this all-epiphyseal
approach in 2009.
METHODS
This institutional review board–approved study evaluated
all skeletally immature patients who underwent an ACL
reconstruction with a modified all-epiphyseal technique at
a single pediatric hospital prior to July 2015. The surgical
technique was a modification of the Anderson technique
that was described in 2003.1
Patient Selection
Patient selection included skeletally immature patients
with a bone age between 8 and 15 years for boys and a bone
age between 8 and 12 years for girls. Bone age was assessed
by use of preoperativemagnetic resonance imaging (MRI) or
a left-hand radiograph, as has been previously described.6,16
The preoperativeMRIwas also assessed to confirm the pres-
ence of adequate epiphyseal bone to safely accommodate a 6-
to 8-mm osseous tunnel within the proximal tibia and distal
femur (Figure 1). To assess the height of the femoral epiph-
ysis, the T1-weighted coronal image corresponding to the
native attachment of the ACL on the femur was identified.
The ossified component was thenmeasured to ensure that a
6- to 8-mm tunnel could be created without violating either
the articular cartilage or the physis. We used a similar tech-
nique for the tibia, using the T1-weighted sagittal image
corresponding to the tibial attachment of the ACL. It has
been our experience that the tibia has less ossified epiphy-
seal bone compared with the femur. If a 6- to 8-mm tunnel
cannot be safely placedwithin either bone, an iliotibial band
reconstruction is then performed instead of an all-
epiphyseal reconstruction. Unless the patient had clinical
Figure 1. Preoperative magnetic resonance imaging of a 12-
year-old boy with a complete anterior cruciate ligament tear.
(A) Coronal T1-weighted image demonstrating an open phy-
sis with an ossified epiphyseal height of 24 mm and the pro-
posed 8-mm femoral tunnel. (B) Sagittal T1-weighted image
demonstrating the proposed 8-mm tibial tunnel proximal to
the tibial physis. Images courtesy of SD PedsOrtho.
*Address correspondence to Andrew T. Pennock, MD, 3020 Children’s Way, MC 5062, San Diego, CA 92123, USA (email: apennock@rchsd.org).
†Pediatric Orthopedics & Scoliosis Center, Rady Children’s Hospital, San Diego, California, USA.
‡Department of Orthopaedic Surgery, University of California, San Diego, San Diego, California, USA.
One or more of the authors has declared the following conflict of interest or source of funding: A.T.P. has received educational support from Arthrex,
Smith & Nephew, and Sportstek Medical and is a paid speaker/presenter for Arthrex. H.G.C. is a consultant for OrthoPediatrics and Roche Molecular
Systems. E.W.E. is a consultant for OrthoPediatrics and is a paid speaker/presenter for Arthrex.
Ethical approval for this study was obtained from the institutional review board at the University of California, San Diego.
2 Pennock et al The Orthopaedic Journal of Sports Medicine
varus or valgus malalignment, routine standing long-leg
alignment films were not obtained, given concerns about
radiation exposure and cost.
Surgical Technique
The surgery was performed with the patient in the supine
position on a radiolucent table that enabled intraoperative
fluoroscopy. Once the ACL rupture was confirmed with an
examination under anesthesia, the hamstring tendons were
harvested via a 2-cm incision centered over the medial tibial
crest at the pes anserinus. Both the semitendinosus and
gracilis tendons were harvested and prepared on the back
table with No. 2 nonabsorbable, high-strength sutures
(FiberWire; Arthrex). Grafts 16 cm in length were typically
obtained and were more than adequate for this reconstruc-
tive technique . If grafts less than 14 cm are obtained, an
allograft or alternative graft source may be necessary. The
grafts were then sized as a quadrupled graft and tensioned
on a graft board. Graft diameter has been found to be depen-
dent on patient age, sex, and size but is typically between 6
and 8 mm in this patient age group. To date, we have not
routinely augmented these smaller grafts with soft tissue
allograft, as the size of the graft seems to match the size of
these younger patients. While various graft diameter
thresholds have been suggested by previous studies in skel-
etally mature patients (7 mm and 8 mm), it is not clear how
these thresholds apply to skeletally immature patients with
smaller anatomic features and residual growth.13,14
A diagnostic arthroscopy was then performed by use of
standard anteromedial and anterolateral portals. Any
chondral or meniscal abnormality was addressed. The rem-
nant native ACL was then debrided. A notchplasty was not
routinely performed. A 10- to 20-mm, lateral incision was
made just distal to the lateral epicondyle with the knee
flexed 90. A 2.4-mm guide wire was drilled into the joint
either using a freehand technique or using a femoral guide
typically set around 95 (Figure 2). The guide wire was
inserted into the lateral femoral epiphysis just posterior
to the popliteus tendon and fibular collateral ligament and
parallel to the physis, exiting within the joint at the ana-
tomic footprint of the ACL. The wire placement was
confirmed fluoroscopically prior to the creation of the fem-
oral tunnel, which was drilled with an outside-in technique
using an acorn reamer. The arthroscope can be used to
evaluate the femoral tunnel and ensure that the physis has
not been violated.
Attention was then turned to drilling the tibial tunnel.
A separate 10- to 20-mm incision was made just medial
and parallel to the patellar tendon and just distal to the
anterior joint line. Another option entails extending the
graft harvest incision 2 cm proximal toward the anterior
joint line. A 2.4-mm guide wire was then drilled into the
joint with either a freehand technique or using a tibial
guide typically set as low as the device will allow (40).
The surgeon’s hand may be lifted toward the ceiling if
necessary to flatten the trajectory of the wire to effectively
reduce the drill angle. The guide wire was inserted prox-
imal to the tibial physis within the ossified portion of the
tubercle apophysis and was passed into the anatomic foot-
print of the ACL. Prior to drilling of the tibial tunnel, the
placement of the guide wire was confirmed arthroscopi-
cally and fluoroscopically. The tibial tunnel was drilled
from outside-in by use of an acorn reamer. The arthro-
scope can be used to evaluate the tibial tunnel and ensure
that the physis has not been violated.
The hamstring grafts were then pulled antegrade
through the femoral tunnel, across the joint, and through
the tibial tunnel. We used a cortical suspensory fixation
device that allows maximal graft length within the tibial
tunnel: either an OrthoPediatrics ArmorLink (which was
placed after shuttling the graft through the joint) or a
Smith & Nephew Endobutton Direct (which was placed
prior to shuttling the graft through the joint). The knee was
then cycled and the graft was fixed on the femur with a 23
to 25 mm–long absorbable interference screw that was
inserted from outside-in, with the screw placed eccentri-
cally in the femoral tunnel as distal as possible from the
physis. The screw diameter typically matched the femoral
tunnel diameter size. The graft was secured with the knee
flexed approximately 20 with a posterior drawer applied to
the knee. Final fluoroscopic images were then taken to con-
firm the tunnel and implant positions. After skin closure, a
range-of-motion brace was applied (Figure 3).
Figure 2. (A) Arthroscopic view from the anterolateral portal demonstrating the guide wires entering the knee joint in the anatomic
footprints of the anterior cruciate ligament. (B) Anteroposterior fluoroscopic image demonstrating the 2.4-mm guide wire place-
ment in the femur and tibia. (C) Lateral fluoroscopic image showing the guide wire placement within the epiphysis of the femur and
tibia. Images courtesy of SD PedsOrtho.
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Postoperative Protocol
Range of motion was started immediately, and patients
were allowed toe-touch weightbearing with crutches for
approximately 1 week. Formal physical therapy was initi-
ated 1 week after surgery. Running was postponed for 3
months and cutting sports were avoided for 6 to 12 months
until the patient passed a return-to-sports test, which at
our institution is based on several factors including isoki-
netic strength testing and the performance of several func-
tional movements (Appendix). Radiographic evaluation
consisting of a long-leg alignment film as well as a lateral
radiograph of the surgical extremity was typically per-
formed at 6 weeks, 6 months, 12 months, and annually
until the physis had closed (Figures 4 and 5).
RESULTS
Between 2009 and 2015, a total of 30 consecutive ACL
reconstructions were performed at our institution with this
modified all-epiphyseal technique. The mean chronologic
and bone age of the male patients was 12.2 years (range,
8.7-15.8 years) and 12.2 years (range, 8-15 years), respec-
tively, and for the female patients it was 11.0 years (range,
7.4-13.3 years) and 10.7 years (range, 8-12 years), respec-
tively. Two patients were lost to follow-up prior to 1 year,
and another 2 patients were lost to follow-up prior to 2
years. These patients were excluded from further analysis,
yielding a minimum 2-year follow up rate of 87% and a
study cohort of 26 patients.
At a mean follow-up of 3.2 years (range, 2-5 years), the
mean (±SD) Lysholm score, Single Assessment Numeric
Evaluation score, patient satisfaction score, and Tegner
activity score were 93 ± 6, 89 ± 14, 9.2 ± 1.1, and 7.6 ± 1.0,
respectively. Twenty-five out of 26 patients (94%) were able
to return to sport, but 1 family chose not to return their son
to football. Four patients (15%) sustained a graft tear at a
mean of 1.8 ± 0.8 years from their index procedure that
necessitated a revision surgery. Three patients (12%) sus-
tained a contralateral ACL tear also requiring surgical
intervention. No other patient underwent a second surgery
as a result of arthrofibrosis, infection, symptomatic
implants, or meniscal or chondral injury. One patient (4%)
had a postoperative leg-length discrepancy of 12 mm that
was identified radiographically 2 years postoperatively
(with the surgical leg being longer); this discrepancy did not
require further surgical intervention.Noother clinically sig-
nificant leg-length discrepancy (>1 cm) or angular defor-
mity was identified.
DISCUSSION
Multiple all-epiphyseal reconstruction techniques have
evolved over the past decade as modifications of previous
Figure 4. Postoperative magnetic resonance imaging taken 22 months after the anterior cruciate ligament reconstruction as a
result of a new knee injury. (A) Sagittal T1-weighted image demonstrating an intact graft. (B) Tibial tunnel safely positioned within
the tibial epiphysis. (C) Femoral tunnel positioned safely within the femoral epiphysis. Images courtesy of SD PedsOrtho.
Figure 3. (A) Arthroscopic view of the anterior cruciate ligament (ACL) graft viewed from the anterolateral portal. (B) Anteroposterior
view demonstrating the final ACL construct. (C) Lateral view. (D) Schematic diagram demonstrating the final ACL construct in the
coronal plane. (E) Schematic diagram showing the final ACL construct in the sagittal plane. Images courtesy of SD PedsOrtho.
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hybrid techniques that were described by Anderson,1
Henry et al,7 Gebhard et al,5 and others. The primary
advantages of an all-epiphyseal technique are that it is
physeal sparing and anatomic and uses osseous tunnels
that are placed solely in the epiphyses that enter the joint
within the footprint of the ACL. Several reports in the lit-
erature have shown good clinical outcomes, with high
Lysholm scores, satisfaction scores, and rates of return to
sport.2,3,11,18 The results of our proposed technique are sim-
ilar to these previously published results demonstrating
good patient outcomes, high rates of return to sport, and
a low rate of complication.
Graft failure was noted to occur in 15% of the patients;
this is similar to rates reported in the literature, which
have ranged from 10% to 15% with other physeal-sparing
techniques.3,12,17,20 In addition to these promising early
outcomes, several advantages of our modified all-
epiphyseal approach make it potentially superior to other
all-epiphyseal techniques or other surgical approaches that
may be used in the skeletally immature patient. First, sim-
ilar to an iliotibial band technique, our all-epiphyseal
approach theoretically avoids any damage to the physis and
provides a significant advantage over the transphyseal tech-
nique. Our approach also provides a theoretical advantage to
the all-epiphyseal technique described by Cruz et al,3 which
requires a reverse cutting drill across the tibial physis.
Although the cross-sectional area of injury of this reverse
cutting drill is small, it still creates an iatrogenic injury to the
physis that puts the tibial physis at theoretical risk.
A second advantage is that unlike an iliotibial band tech-
nique, an all-epiphyseal technique uses a single femoral
tunnel and a single tibial osseous tunnel, which potentially
allows better graft incorporation into a circumferential tun-
nel surrounded by cancellous bone. Additionally, the use of
a single tibial tunnel simplifies our proposed technique
compared with the technique described by Wall et al,18
which requires 2 tibial tunnels. The modification of the
all-epiphyseal approach used at our institution has the fur-
ther advantage of maximizing graft length in both the fem-
oral and tibial tunnels, with soft tissue, which may be
beneficial for graft incorporation, traversing the entire
length of the tunnels. This differs from the technique pro-
posed by Cordasco et al,2 which uses an all-inside approach
with suspensory fixation on both the femur and tibia. Addi-
tionally, our modification places not only the tunnels but
also the fixation devices strictly within the epiphysis, min-
imizing the chance of any suture or graft “tethering” the
physis. Nearly all other techniques that have been
described to treat skeletally immature patients—including
iliotibial band reconstruction, various transphyseal
approaches, and several of the described all-epiphyseal
techniques—have at least one side of the ACL construct
fixed on the metaphysis, which can lead to physeal tether-
ing and a resultant angular deformity.
A third advantage to our technique is that it is truly
anatomic, and both tunnels can be placed into the center
of the ACL footprint. This is in contradistinction to an ilio-
tibial band technique, where the graft is placed in the over-
the-top position on the femur and an anterior position just
below the intermeniscal ligament on the tibia. A vertical
transphyseal approach may be nonanatomic; the graft is
frequently placed higher in the notch to minimize iatro-
genic damage to the physis, which may place the tunnel
aperture outside the anatomic footprint on the femur. The
fourth advantage of our proposed technique is that it can be
modified if alternative graft choices need to be considered,
such as a soft tissue quadriceps tendon where the graft
sutures are tied over a suspensory button on the tibia. The
fifth advantage of this modified technique is that it poten-
tially has superior time-zero fixation strength compared
with constructs that rely on sutures like the iliotibial band
technique or other proposed all-epiphyseal techniques such
as that proposed by Cordasco et al.2
As with any surgical procedure, ourmodified all-epiphyseal
ACL reconstruction has several potential drawbacks. First,
this technique requires intraoperative fluoroscopy. The radi-
ation exposure during these procedures is quite low, however,
and averaged 0.55 minutes (range, 0.1-2.1 minutes) at our
institution. A second drawback is that a minor learning curve
is required, especially with final graft fixation that is achieved
on the femur as opposed to the tibia. The third drawback is
that this technique potentially cannot be used in very young
patients with a bone age of less than 8 years because a large
portion of the femoral and tibial epiphyses is unossified, mak-
ing it challenging to safely drill a 5- to 6-mm tunnel. However,
Figure 5. Postoperative long-leg alignment film taken 24
months after the surgery documenting no significant leg-
length discrepancy or angular deformity. Image courtesy of
SD PedsOrtho.
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ACL surgery is rare in patients younger than this age unless
the patient has a congenital absence of the cruciate ligament.
The fourth drawback, although not encountered in this series,
is the potential for significant physeal damage if the guide
wire is misplaced. The parallel trajectory of the guide wire
and drill can theoretically damage a large cross-sectional area
of the physis if the guidewire is placedwithin the physis or too
close to the physis. Thus, it is imperative to perform this sur-
gerywith intraoperative fluoroscopy and to confirm that there
is no physeal damage with the arthroscope after the tunnel is
drilled. Additionally, the use of fluoroscopy can confirm
that the implants (screw and button) are appropriately
placed and not crossing the physis. A fifth potential draw-
back of this technique is that the relatively small tibial
bone bridge could fracture, but this has not been observed
intraoperatively or postoperatively at our institution. The
sixth drawback is the theoretical chance that the popliteus
tendon or fibular collateral ligament could be damaged
during drilling of the femoral tunnel. To date, we have not
had any problems postoperatively with varus or postero-
lateral instability.
This study has several limitations, including its retrospec-
tive design. Additionally, greater patient numbers, more
objective clinical data (KT-1000 arthrometer, pivot shift,
etc), longer term follow-up, and external validation of this
surgical techniquewill be necessary to confirm the durability
of these results. Finally, and potentiallymost important, this
study had no comparison group. Future studies looking at
the various reconstruction options for the skeletally imma-
ture population will be necessary to determine which sur-
gery is optimal for this unique patient population.
In conclusion, ACL surgery using a modified all-
epiphyseal technique in skeletally immature patients with
substantial remaining growth provides an anatomic recon-
structive option that is physeal sparing using osseous tun-
nels. Further, the technology needed to perform this
modification is no different than the instruments used in
the transphyseal strategy, making it potentially easier to
master for a greater number of surgeons. This initial series
reports good short-term functional outcomes, with high
patient satisfaction, high rates of return to sports, low fail-
ure rates, and minimal risk of future leg-length discrep-
ancy or angular deformity. This technique has therefore
become our institution’s preferred surgical approach in this
skeletally immature patient population.
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APPENDIX
Objecve Measurements:
• Knee ﬂexion range of moon:
Right: ______ Le: ______ Diﬀerence ____
• Girth (10 cm above superior patellar pole):
Right: ______ Le: ______ Diﬀerence ____
• Seated quadriceps MMT:
Right: ______ Le: ______
• Seated hamstring MMT:
Right: ______ Le: ______
• Side-lying gluteus medius MMT:
Right: ______ Le: ______
Funconal Strength Tests:
• Single heel raise (max. reps to 30):
Divide side with lower reps by opposite side for % diﬀerence 
Right: ______ Le: ______ Score: _____%
• Single leg dip max. angle:
Divide side with lower reps by opposite side for % diﬀerence 
Right: ______ Le: ______  Score: _____%
• Single leg dip endurance (max. reps to 30):
Divide side with lower reps by opposite side for % diﬀerence 
Right: ______ Le: ______ Score: _____%
If applicable  secondary grading scale:_____
• Single leg - Single hop test (cm)
Average right: ______ Average le: ______
Score: _____%
Divide side with lower distance by opposite side for % diﬀerence 
• Single leg - Cross over hop test (cm)
Average right: ______ Average le: ______
Score: _____%
Divide side with lower distance by opposite side for % diﬀerence 
• Single leg - Triple Jump hop test (cm)
Average right: ______ Average le: ______
Score: _____%
Divide side with lower distance by opposite side for % diﬀerence 
• Vercal Tuck Jump (10 consecuve reps):
Number of deviaons (listed below): _____
• Lower extremity valgus at landing
• Thighs do not reach parallel at peak
• Thigh height not equal
• Feet not landing at the same me
• Excessive trunk ﬂexion 
5 4 3 2 1 0
5 4 3 2 1 0
5 4 3 2 1 0
5 4 3 2 1 0
5 4 3 2 1 0
5 4 3 2 1 0
5 4 3 2 N/A 0
5 4 3 2 1 0
5 4 3 2 1 0
5 4 3 2 1 0
5 4 3 2 1 0
5 4 3 2 1 0
Agility Tests:
• Shuﬄe T-Test
• Sprint/Cung T-Test 
5 N / A 3 N/  A N / A 0
5 N/  A 3 N/  A N/ A 0
SCORE: _____/out of 70
Lower Extremity: Return to Sport Test
Paent: ____________________      Date of Surgery: _____________ Weeks Post-Op: _____
Surgeon: ____________________      Therapist: ____________________
.
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Scoring Format:
Return to Sport Test 
Objecve Measurements:
• Knee Flexion ROM:
o 5= full, symmetrical
o 4= <5 degrees diﬀerence
o 3= 5-10 degrees diﬀerence
o 2= 11-20 degree diﬀerence
o 1= 21-29 degree diﬀerence
o 0= > or equal to 30 degree diﬀerence
• Girth: (10 cm above superior patellar pole)
o 5= within 0-1 cm diﬀerence
o 4= 1.1-2 cm diﬀerence
o 3= 2.1-3 cm diﬀerence
o 2= 3.1-4 cm diﬀerence
o 1= 4.1-5 cm diﬀerence
o 0= >5 cm diﬀerence
• MMT: (Quad – seated, Hamstring – seated , Gluteus Medius – sidelying)
o Same scoring as MMT (0-5 for each muscle group)
o Example: 4+/5 right hamstring MMT would equal a score of 4
Funconal Strength Tests:
• SL Heel Raise (Max 30 reps) 
o 5= 90-100%
o 4= 80-89%
o 3= 70-79%
o 2= 60-69%
o 1= 50-59%
o 0= <50%
 Divide side with lower reps by the opposite side for percentage to determine grade
• SL dip:(1) Max Angle
o 5= full, symmetrical
o 4= <5 degrees diﬀerence
o 3= 5-10 degrees diﬀerence
o 2= 11-20 degree diﬀerence
o 1= 21-29 degree diﬀerence
o 0= > or equal to 30 degree diﬀerence
• SL dip:(2) Endurance (Max 30 reps)
o 5= 88-100%
o 4= 75-87% 
o 3= 65-74%
 Divide side with lower reps by the opposite side for percentage to determine grade
 If paent cannot perform 20 reps, defer to secondary grading scale for scoring
SL DIP SECONDARY GRADING SCALE
 2= Unable to exceed 20 reps secondary to reduced muscular endurance
 0= Unable to exceed 20 reps secondary to signiﬁcant deviaons present
• SL Hop Test (Distance in cm): (1) Single, (2) Cross Over, (3) Triple Jump
o 5= 90-100%
o 4= 80-89%
o 3= 70-79%
o 2= 60-69%
o 1= 50-59%
o 0= <50%
 Score is the average of the 3 jumps per test 
 Divide side with lower average by the opposite side for percentage to determine grade
.
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• Vercal Tuck Jump (10 consecuve jumps)
o Deviaons: 
 Lower extremity valgus at landing 
 Thighs do not reach parallel at peak
 Thigh height not equal
 Feet not landing at the same me
 Excessive trunk ﬂexion 
o 5= no deviaons
o 4= 1-2 deviaons
o 3= 3 deviaons
o 2= 4 deviaons
o 1= >5 deviaons
o 0= unable to complete
Agility Tests:
• T Test 1 (shuﬄe)
o 5=  No hesitaon, no valgus
o 3=  Mild hesitaon and/or mild genu valgum noted
o 0=  Severe hesitaon and/or severe genu valgum noted
• T Test 2 (sprint)
o 5=  No hesitaon, no valgus
o 3=  Mild hesitaon and/or mild genu valgum noted
o 0=  Severe hesitaon and/or severe genu valgum noted
.
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